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Washmgton. D C. 20231 Docket No.: 86-1198-06 

Sir: 

Applicant reBpectfuUy petitions to have U.S. Serial No, 08/162>420 witiidrawn from 
Issue pursuant to 31 C.F.R. §1313Cb)(5). The Assignee of the present invention recently 
(after June 10, 1994, the date of allowance) has learned of prior art patent, U.S. Patent No. 
4,332,297, during the course of related litigation on a commonly assigned patent The 
Assignee of the present application desires the Examiner to review U.S. Patent No. 
4,332,297 (a copy of which is attached as Exhibit A) when passing on the allowability of this 
application. On September 9, 1994, the Assignee filed with the Office an advertisement that 
appeared in the November 3, 1986 (Vol. 25, No.21) issue of Pool & Spa News. A copy of 
this advertisement is attached as Exhibit B. Assignee also requests the Office to consider 
this advertisement. The Assignee understands that the application currently is in the Draft 
Branch, and no is^e date has been assigned. The fee for this Petition may be charged to 
Deposit Account No. 15-0697 of David Ostfeld, P.O. 

The Assignee owns U.S. Patent No. 5,361,215, which has a common parent with this 
applicaition. On November 14, 1994, Assignee filed suit in the Southern District of Texas 
on U.S. Patent No. 5361,215. The defendant in that case has argued in subsequent 
pleadings that the '215 patent is invalid based upon U.S, Patent No. 4322*297. 

The Assignee request that the Office consider U.S.Patent No. 4322,297 and the 
Pool& Spa Nev^ advertisement. Consequently, the Assignee requests the Office to withdraw 
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ABSTRACT 



A controller and merhod for controUuig the operation 
of electrically powered pool related apparatus in recre- 
ational pool system, and more particularly for control- 
ling the flow of pool water through the pool system and 
vtrntcr-^bonditiomng apparatus, is disposed. The control- 
ler includes a logic circuit formed with a plurality of 
logic gates coupled to pool-wster-sensing apparatus and ' 
programmable input apparatus in aooordance with a 
predetermined logic sequence. The pool system in- 
cludes a swimming pool and spa» and the pool-water^ 
oostdxtioning apparatus includes a solar water heater 
and a nonrsolar water heater. The controller is capable 
of preferential solar heatthg and of temperaturc*- 
switebed operation, time-9witcbed operation and a 
combination thereof as well as manual switching. 
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CONTROIXER AND CONTROL METHOD FOB A 
POOL SYSTEM 

BACKGROUND OF THE INVKhfTION S 

1'lie recreational pool Industry has cxpcricixtxui iwu 
dramatic trends that have affected the- industry in a 
pervasive manner. iMrst, the enersy crisis has hastened 
the developjnent of solar energy wuter-headng- appar^. 
Tus» and today there are numerous •solar*-cncrgy>based 
systems- which are quite .practical and in widespread use 
in connection, with heating popl water- . The . s^qond 
recent phcDon^^on is the widespread popularity of. spas 
or hot . tubes, which are installed dAd used alone or in 
conjunction with. swimming poo}&.'^ . ^ -. . - 

irhe energy ie^risis and the increased interest in .and the 
popularity of spas .inherently pose -some de^ce of con' 
flict. Spas, .normally operate at water, temperatures in 
of 90* F. and typically include water. Jets or the 
like for calculation of the Water- and for hydromassage* ^9 
Both increased water temperature .and water ctrculadon 
require the use of energy. By oontrasi, however, a spa is 
a much smaller body of water -thaii a -swimizung pool, 
maldiig the- total heat - required' less and the -abiliTy 'tb 
conserve heat by covering the smaller pool of water is 25 
moire practical: i ' - " 

•One-area in which* efforts to conserve energy have* 
been= large!y overSoQked has been. In conn ecdon with 
control apparatus for controlling the operating condi- 
tions of the water 'in -a pool "system. .U.SjrPat. No-. 30 
3,991,742 discldses.a swimming pool system* which em- 
ploys both a gas heater and a solar heater. -The swim- 
ming ipool niter pump is used-to piunp water tO: cither 
the solar beater -or the gas heater and subsequently to 
return the water to the pool. Tbte thrust of U^Sv Pat; No. 35 
3,991,742 is directed to the construcaon of the solar, 
heating apparatus or panels^.not a ssrstem oc.apparatus 
for controlling -the flo>y :of pool water as between: tlxe 
solar panels and the gas heater. 

. In the system.of .U.S. Pat. .No. 3,991,742, the flow of 40 
water- is controlled by 'gate' valves that are manually 
operated, In, practice most pool Water, heating systems 
that\|nclude solar and gas. heating are either manually 
controlled or provided, with a'sirople timer that controls , 
a plurality . of iraly». ;Thus; the filter punip can be 45 
switched off and on by the timer, and the gate valves 
canjbe operated by.solenoids and opuplcd to the timer. 
SucJli.ViCcnUolIing*' of the.heaters and other water^oh- 
ditict^g appairatus jij.recreatiotial pool systetnis; there? 
fore* has been 'i;ela;iy^y crude and largely based upon 50 
us^ conyeiuence rapier than .any attempt at providing 
«o«rgy efficiency. . *. . 

The control, timers.which have previously h^en used, 
with! recreation^ pool systems tiave* also .generally been 
T'diimbT controlliBTS in that ttining. functions proceeded 55 
independently, and without asiy feddback as jp operating 
conations 'in the pQQV.fiysxcm or; the functioning or 
failure to function of the oilier' water, conditioning flippa- 
latus. Mechanical dmeni will tum on a filter pump and 
thereby pump pool water into a ^lar panel located on 60 
the 'roof of a building f6r.a 'pre-set.time period,.e.g., four 
hours, in the middle of the day. If, however, the solar 
panel 1^ developed a substantia] leak, the timer will 
cause the pump to proceed for four, hours to -empty the 
pool by pumping water ipio the le^ing sol^r. panel. 65 

Similarly,! when ."dumb** contrbllers' arc iised, one 
. timing f^i^ciibni.may - turn the ,gas' heater, while an- 
other turns on^the filter pump.. If the filter pump should . 



fail! however> the gas heater will still be operating, with 
a disastrous effect. 

In Lcrms of energy savings^ "dumb** timers or control- 
lers can only roughly attempt to achieve some economy 
in the use of energy. Solar panels can be set to operate 
dnrtne ^ b^ lime of day when solar energy is most likely 
to be available, filters can be set to function at night . 
when the demand and cost of energy are lowest^ and 
spas^can be heated only in the late afternoon sttid. eve- 
ning, when they are most geoeirally used. Such timing of 
pool water-conditioning functions* however, only ap- 
proximates the optimum energy usage for the pool sys- 
tem, and the day-to-day chmaiic variations which occur 
will result in a need for constant supervision at the 
control functions or ineffiaent energy :use» or both. 

The ability to truly attain -an eser^gy'-efZicient recre* 
ational.i>ooI system requites a controller thai not only 
can perform timed sffqiiencing of water-conditioning 
functions, but can also sense the need- for. these funo- 
txons* sense the operation of Hhc equipment dnxing per- 
formance of the fimctionSk and preferably, casx efiTect 
temperature switchix^ as well as timed switchtog of the 
water^condittoning functions. Moreover, the ability to 
sense operation of the pool watCTHsonditfoning appara- 
tus and to make control decisions based upon the opera- 
doxi of such apparatus allows the controller to protect 
the system against ''mindOess*' ronrinnrd operation that 
can eventually destroy ccr endanger the apparatus: 

U.S. Pat, No. 3,906,92$ discloses a solar-heater eon* 
trol system in which a limited attempt has been made to 
provide some feedback into a solar pool-heating system. 
In this patent, a , solar-heat sensor is p lace d prosdmate 
the solar panels and is used to control the flow of water 
to the solar pon^sls. While providing some imiirovement 
over a manual or time^witched system, the apparatus 
and method of U.S. Pat- No» 3.906,928 is relatively 
simpUsdc and inherently limited in its'cotLtr^ fVinctions. 

A somewhat more oompleg control system for a reo 
reational pool is shown in U.S. Pat. No. 3,809,116^ in 
this system a controller is provided to maintnirr the 
liquid level in the pool within a given rangr. The system 
includes timed, demand and T"?**'«**^ tnodrft of operation, 
but basically the controller is provided by a relatively 
simple clock mechanism and a phiraliiy of sensors in the 
form of switches that will override the clock mecha- 
nism. Still further, for most recreational -pools the prob- 
lem of, when .to add water, pales by compar i s on to the 
water4ieatiiig and fUtration. problems. 

OBJECTS AMD SUMMARY OP THE 
INVENTION 

A. Objects of the Invention 

Accordingly, it is a object of the present invention to 
provide a controller for recceatiomkl pool systems 
which , will enable enhanced eCficiency in the use of 
energy in the operation of pool water-eonditionirvg 
apparatus. 

' Another object of the present invendon is to provide 
a controller and a method of controning recreadonal 
pool systems which are capable of controlling electri- 
cally powered, pool-related apparatus based upon a 
combination of programmed input and actual operating 
conditions in the pool system. 

Another object of the present invention is to provide 
a controller for recreational pool systems which is cajsa* 
blc of interrelating the operation of pool water-condi- 
tioning apparatus as between a muUipficity of pools. 
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Stin a further object of the present invention is lo 
provide a controller for recreational pool systems 
which is capable of time-based and/or temperature- 
based operation of the pool water-heating apparatus. 

Still another object of the preseani invention is to 
provide a controller for a recreational pool system 
which will protect the pool water<-conditioning appara- 
tus against destructive continued operation. 

Another object of the present invention is to provide 
a controller for a recreatioBal pool system which can be 
installed as original equipment or integrated into exist* 
ing pool systems. 

Still anctlier object of the present invention is to 



DESCRIPTION OF THE DRAWINO 
FIG. 1 is a hydraulic and electrical schema^ repre- 
sentation of a recreational pool system having a control- 
5 ler constructed in accordance with the present inveD- 
lion. 

FIG. 2 is a key diagram interrelating the portiooa of 
a block diagram for a controller constructed .in accor- 
doncie with the present invention. 
10 PIG. 3 is a block diagram of a tempentuxe input 
portion of the controller of the present invention. 

PIG. 4 is a block diagram of a temperature logic 
portion of the controller of the present invention. 
FIG. 5 is a. block diagram of a timing portion of the 



provide a controller for a recreational pool system ca- controller of the present invention. 

*r 1 ^ ^ ^ Wock diagram of a hydromassage portion 

of the controller of the present invention. 

DESCRIPTION OF THE PREFERREO 
EMBODIMENT 

Pool System 

The controller of the present invention can be advan* 
tageously employed to control the operatmg ooodUions 
of a pool system having a single podl, such as a aynm- 
joins pool or a hot tube, but the many advantages of the 
present controller are best illustrated by a reic r ea fio pal 
pool system having a plurality of pools. As shown in 
FIO. 1> a spa 21 is installrri in a position dosely adjacent 
to a conventional swisuning pool 3X. 

As is common for most pool systems* the pool system 
of FIG, 1 includes a variety of electrically powered* 
pool water-conditioning apparatus formed to heat» fil- 
ter, agitate^ clean and aerate the pool water. Addition- 
ally, other electiicaUy powered aj^aratus may be ein* 
ployed in the pool system, such as lights around axid in 
the pool and/or spa. Hydraulic circuit meana^ generally 
designated 24 and shown in FIG. 1 as relatively thick 

,r ~ * * * solid lines, couples the various water-conditiomng ap- 

fonned and portioned to sense conditions Tn the pool 40 'paratus for spa 21 and pool 22 for the flow of pMiioI water 



pable of operation of a multiplicity of pool water *ccod l< 
tiouing apparatus on an independent, interrelated^ or 
preferential basis. 

Another object of the present invention is to provide 
a controller for a recreational pool system which is 20 
capable of sophisticated and complea control functions 
and yet is reliable and fail-^safe in its operation. 

Another object of the present invention is to provide 
a controller for a recreational pool system which is 
relatively inexpensive to construct and install, provides 
greatly increased flexibility of operation, and can be 
readily adapted for control of a wide variety of different 
pool system configurations. 

The controller and method of controlling recre- 
ational pool systems of the present invention has other 
objects and features of advantage which are set forth in 
more detail in the following description of the preferred 
embodiment or will be apparent from the accompany- 
ing drawing. 

6. Summary of the Invention 

The recreational pool system controller of the pres- 
ent invention indudea a plurality of sensing apparatus 
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system, actuating means formed and coupled to electri- 
cally powered apparatus* such as water-conditioning 
apparatus, for actuation of the same, and programmable 
input means formed for receipt and storae of tizrte se- 



through the water-conditiomng apparatus in accor- 
dance with commands from controller means 26^ which 
in the preferred form is electrically coupled by cosidiu> 
tor means* generally designated 23 and shown itx FIG. 1 



mpu5 mcw» ««^p^ »u^j^ relatively thin lines, 10 the pool water-^onditiomng 

quence input and temperature hiput and formed to pro* 45 °y 'eiauveiy inm imes, lo w pooi waK»-cT7ni3-i-n 



dnce logtc signals based upon such input. The controller 
also includes a circuit coupling the sensing apparatus, 
actuating means and input means together for control of 
the operating paranaeters of the pool system> and the 
improvement in the controller of the present invention 
is comprised, briefly, of providing the circuit as a -logic 
circuit formed with a plurality of logic gates coupled 10 
logic conversion formed to convert signals from 



apparatus. 

As used herein, the expres^on ''pool'' shall inclode 
swimming pr>o1 g> spas, hot tubs or other recreatiostal 
pools of water. The expression **pool water^ shall simi- 
SO lariy mean water that is circulating in the pool system, 
whether or not it is directed to or firom tbe swimming 
pool, spa, hot tub or the like. Moreover, £8 used herein 
the expressions ''pool related conditioning apparatus** 
and "^conditioning apparatus** shall tnclnde apparatus 



the sensing apparatus and the input means and formed for heating and filtering the pool water and shall farther 



to drive said actuating means only upon the existenee of 
a sequence of predetermined logic states in the lo^c 
circuit. In the improved controller feedback from sens- 
ing apparatus in the pool system is comhingd by logic 
gates with input from the user of the controller to con- ^ 
trol such functions such as pumping, valve operation, 
solar water heating, non-solar water heating, titration, 
spa operation, pool sweep operation, and hydrontas* 
sage. The ability to program these f\mcdon$ with the 

comtToller on a timed- or tcmperature^switched basis 65 intake inlet 33 in summing po^ 22, and a s econd con- 
enables the pool system to maximize the use of available duit 34, which terminates 10 intake 36 located in spa 21. 
solar energy and minimize the use of non-solar energy The intake valve 31, therefore, can be operated so ^mt 
for both heating and filtration- pump 28 will withdraw water selectively from either 



include electricaUy powered or actuated pumping appa- 
ratus;, valves, lighting, apparatus to aerate the pool 
water and apparatus to clean the pooL 

Hydraulic Circuit 

In the pool system of FIG. 1, a conventional swim- 
ming pool filter 27, together with its mtct pump 28, arc 
coupled by conduit 29 to an intake valve 31, Extending 
from valve 31 is a first conduit 32» that terminates in 
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the spa or the swimming pool and pump the same into 
filter 27 for filtration purposes. 

After filtration* the pool water passes through check 
valve 37 in oonduit 38 to valve 39. The swimming pool 
system of the present invention is provided with solar 
water-heaiing apparatus., such as solar panels 41 , and 
non-solar watcr-heattng apparatus, such as gas heater 
42L Accordingly, valve 39 is coupled to conduit 43 for 
flow of wat^ to soJar panels 41 and is also coupled to 
conduit 44 for the flow of water to gas heater 42. The 
return of pool water from solar panels 41 is provided by 
conduit 46 that preferably joins conduit 44 in advance 
of gas heater 42 so that both solar and non-solar water 
heating can be employed in series if desired. 

In order to purge air flow frdm solar panels 41, which 
air would reduce panel efflciency if trapped in the pan- 
els» conduit 43 is coupled to a lower side 40 of the panels 
while outlet conduit d£ is coupled to an upper side 55 of 
panels 41. As water is introduced into the panels, water 
and air rise to outlet conduit. 461, and the panels are 
purged of air for maximum bi^t transfer to the pool 
water. 

When the flow of pool water to panels 41 is termi- 
nated, for example by switching valve 39 (also referred 
to as the "solar valve") for the flow of water lo gas 
heater 42« vacuum release 6D. permits air to enter the 
panels, and water will dram, down through conduit 43 
to conduit 50. I>rain-down check valve 45 permits the 
flow of water through conduit 50 and back through ^ heating, 
niter pump 28 to the pool or spa. If pump 28 is operat- 
ing, the pool water drainiag from panels 41 will be 
pumped into the filter and ,«o gas hsater 42. , 

In order to control the return flow of pool water as 
between spa 21 and pool 22, return valve 47 is coupled 
to conduit 48 from gas heater 42 and is further coupled 
to return conduit 49 for spa 21 and to return conduit Si 
for pool 22. By selection of the position of intake valve 
31 and return vaiye 47, therefore, it is p>ossible to. filter 
and heat water ia either the swimming pool or the spa. 

Moreover.. valves 31 and 47 can be operated so as to 
empty the spa into the Swimming pool for cleaning of 
the spa and to refill the spa from the swimming pool. 
Valves 31, 39 and 47 can advantageously be provided 
by valves constructed in accordance with U.S. Pat. No. 
3,938,553. 

Hydraulic circuit 24 further preferably includes a 
hydromassage ctrcutt in which there is an intake con- 
duit 52 having an inlet opening 53. Conduit 52 is con- 
nected to hydromassage or jet pump 54, and the jet 
pump returns the pool water tbroogh conduit 56. A 
manifold having a plurality of hydromassage heads 57 is 
connected to condoit 96, and an air intake 58 that can be 
adjusted so as to vary the amount of air that is ixucctcd 
at the hydromassage heads is also provided. Addition- 
ally or alternatively, blower 3D having air intake 25 can 
be coupled by conduit 35 to an air discharge manifold 
20 to provide water agitation in -spa 21. The construc- 
tion and operation of the hydromassage circuit is con- 
ventional and well-known in the recreational pool in- 
dustry. 

Finally, the hydraulic circuit of the pool , system of 
PIG. 1 includes a . conduit 59 downstream of return 
valve 47 which leads to a pool sweep pump 61, a return 
conduit 62 and pool sweep apparatus 63. The pool 
sweep apparattis is of the type conventionally available 
on the market and functions to discharge pool water 
from the flexible amas 64 as they sweep along the bot- 



tom of swimming pool 22 so as to move sediment to the 
main drain. 

As thus described, the various components of the 
hydraulic circuit of the pool system of the present in- 
vention are convennonaUy formed and do not by them- 
selves constitute a novel portion of the present appara- 
tus or method. Moreover, alternate hydraulic circuits 
employing the same and/or supplementary pool water- 
condittoniag apparatos and lighting apparatus can be 
employed with the controller and method of the present 
invention. 
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Control Prefcrenees and Pazameters 

Prior to setting forth the details of ooixstrucxton and 
operation of the controller and method of the present 
invention, some of the typical or most frequently de- 
sired pool system operating preferences and p af B tnerej 
can be described. 

* 1. Solar Heating Preference 

For virtually all- recreattonal pool systems having a 
solar heating capability, solar heating, when possible, 
wiU be preferred to non-solar (usually gas or deecric) 
heating. .Obviously, solar heating pre£erence will tend 
to.niinimize the cost, of energy for the pool system. 
While solar heating preference will normally be desar- 
able> the controller should also have the capability of 
permitting gas^ heating, instead of or in addiiinn to solar 



2. Pool or Spa Preference 

The individual users of multiple pool systems may 
have a preference between pool 22 and spa 21 as to 
which body of water is heated first. This is particularly 
true when solar hfaring is also preferred. Some users, 
for example, prefer to solar heat the pool and gas heat 
the spa, if necessary. Othezs may use their .spa more than 
their pool and prefer spa heating to pool heating. 

3. Temperature Controlling 

. The operating temperatuxe of the various bodies of 
water comprising the recreational pool sj^em can vary 
according to the time and purpose for which they are 
used. Spas will normally be operated, at an elevated 
temperature as compared to swimming V9*^ Neither 
the spa nor pool wHl see much use durmg the lale n^ght 
hours. Moreover, a lower temperatuie may be accept- 
able if non-solar heating is required while a higher, 
more comfortable temperature may be prefexred if solar 
heating can be used. In any event, operation of the pool 
system in accordance with pre-set temperature criteria 
may be more important than operation in ac co r d ance 
with pre-set time criteria. 

4. Switching of Spa and Pool Heating 
It is desirable to be abjc to effect switching of pool 
water heating from pool to ^la, or vice versa, upon a 
temperatures befis, a timed basis and manually. Which 
is preferred can vary according to pool and spa usfi and 
solar energy availability. Thus, if solar energy is more 
than ample to heat both the pool and spa> and spa use is 
only at the end of the day, the user may employ temper- 
ature switching with pool preference. If solar heating is 
not suflk»ent or the spa is to be used early in the day, 
limed switching— possibly with gas heating — may be 
employed. At any time mflnnal override may be neces- 
sary to provide complete flexibility. 
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As will be seen» therefore, various combinations of 
solar and gas beating* spa or pool preference, and tem- 
perature or timed switching arc highly de^rable to 
enable maximum energy efficiency for the particular 
use patterns of each individual pool system owner. 5 

Controller Means 

The operation of the various dectrseally powered, 
pool*rp1aTpri apparatus described in the hydraulic cireuit 
is controlled by controller means. As* used herein, the lO 
expression '^controller means" shall include not only the 
circqitry controlling switching and timing, but also the 
sensing apparatus* actua^g means and input means. 

The sensing apparatus and the actuating means are • 
both' connected by electrical conductors 23 to central 15 
controller and the controller preferably further in-: 
clodes programmable and other input means formed for 
receipt and storage of time sequence and temperature 
input and fUrther formed to produce timing-based and 
temperature-based signals as a result of such input. 20 

1. Sensing Apparatus 

As can be seen in PIO. 1, a plurality of sensing appa- 
ratus are positioned to sense conditions in the pool sys- 
tem and are formed to produce a signal in response to 2S 
these conditions. Thus, a solar temperature sensor €6 is . 
positioned proximate solar panel5'41, a water flow sen- 
sor €7 is positioned in the hydraulic circuit downstream 
of the solar panels to sense the flow of water from the 
solar panels & pool water cemperaiure sensor 68 is post- 30 
tioned to sense water temperature in pool 22» a second 
water temperature sensor 70 is positioned in spa 21 to 
sense the pool water temperature in the spa, and a water 
flow sensor 69 is positioned to sense the flow of water 
from pool sweep pump 61 back to the pool. Other sens- 35 
ing apparatus can be provided^ for example, a. flow 
sensor (not shown) in hydromassage return conduit 56, 
and a water temperature sensor downstream of the solar 
heater (to sease the increase in water temperature dur- 
ing solar heating). 40 

means of the present invention includes a logic circuit 
that effects control of the various electrically powered, - 
pool-rclated apparatus. The sensing apparatus forming a • 
portion of the controller means must be formed to pro- 45 
duce a logic signal input to the logic circuit or be cou- 
pled to signal conversion cneans that will produce a 
logic signal input. Temperature sensors 66> 68 and 70 
are eoupled to converters and comparator which con- 
vert the temperature signals to logic signals, in a manner ■ SO 
which win also be more fully described. Flow sensors 
67 and 69 produce a logic input signal and may be di- 
recdy coupled to the logic circuit. 

2. Accaating Means 

The controller means of the present invention further 
includes actuating means formed and coupled to the 
electrically powered, pool-related apparatus for actuar 
tx(m of the same. In the case of pumps 28, 54 and 61, 
actuatiQg means in the form of power relays 71 that are 60 
coupled by drive circuits to the logic circuit of the 
controller are provided. Valves 31, 39 and 47 are actu- 
ated by valve operators 72, 73 and 74^ respectively, 
which are coupled to the lo^c circuit through drive 
circuits. Addidonally, it b preferable to provide the 6S 
solar fkanel 41 with a drain valve 76i, which is also actu- 
ated by valve operator 77 and drive circuit coupled to 
tne logic circuit. 



.297 „ - 

8 

3. Input Means 

The controller means of the present invention in- 
eludes a variety of input means. Such input means in- 
cludes a programmable timer whidtt is capable of logic 
signal input to the controller lo^c. circuit and which 
can be programmed or set by the user to input signals to 
the logic circuit during a plurality of desired time inter- 
vals. Addiuoitally, input means includes temperaziire 
seizing inpui .apparatus for the spa ,and pool, and pool 
filtration setting ajTparatus. 

Logic Circuit . 

As above described, the pool systein, the water^on- 
ditioning apparatus and the sensing and actuating de- 
vices are more complex and sophisticated in xiature than 
would be conventionally found in prior rccrcdtional 
pool systems. To the extent even portions of such ^aquip* 
ment can be found in prior pool systems, they have been 
operated by ^dumb** controllers which are essentially 
dock or timing mechanisms used to switch the equips 
nieht on or oit with little or no regard to actual pool 
operating conditions or the functioning or fiulure to 
Innction of other equipmeztt in the system. 

The improved controller means of the present inven- 
tion not only is capable of control axid operation of the 
relatively complex and sophistie&ied pool systetn above 
set forth, but utilizes, input and feedback &om the pool 
system and the electrically powE^edt pool-delated 
c({uipment to determine the manner in which the pool 
equipment is operated. 

In the improved controller means of the present In- 
vention a logic circuit is provided and couples the sens- 
ing apparatus, actuating means and prog^rammable mpnt 
means together for operation of the electrically pow- 
ered, pool related apparatus The logic circoit is formed 
with a plurality of lo^ gates which reqmre predeter- 
mined combinations of logic states to accuaxe the pool 
equipment. Thus> the logic circuit requires various com* 
binations of logic state Mi^ch depend upon events as 

input means before the various water-oonditioning 
equipment is operated or shut down. Feedback &om the 
pool system is thereby combined' with input from ihe 
user to produce maximum energy efficiency, to protect 
the equipment from self-destructive operation, and to 
maximize the flexibility with which the pool owner may 
operate the pool system. 

The logic circuit of the controller means of the pres- 
ent invention can best be imderstood by reference to 
FIGS. 2 through 6. The logic circuiuy for the control- 
ler has been divided into four posiitoos, primarily Cbr 
ease of illustration in the drawings. Thus» as is shown in 

Portion,'*' generally designated 80 and shown in detail in 
FIG. 3; a **Tcmperature l^gic Portion,** generally des- 
ignated 81 and shown in detail in FIO^ 4; a ^Timing 
Portion.** generally designated 82 and shows in FIG. S; 
and a **Hydromassage Portion,** generally drsignatfrt 
83 and shown in FIG. 6^ As wiD be seen from FIGS. 2 
through €, these various portions are inteTconnrctBd at 
the common connections 84, and all three portions funo- 
tion together as an integrated unit. 

In the broadest aspect, the lo^ circuit need not be 
electrically based. A pneumatic logic circuit, for exam- 
ple, can -be employed in the controller of the present 
invention. It is prefcxablc, however, to use an electrical 
logic circuit, ano tne Qetails oi construction or a typical 
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logic circuit siiixable for use with the controller of the . 
present invention- is hereafter described, 

l.- .TemperBixire Inpm - 

As may be seen ixi WlO.'l, sblar-temp^rature sensor 
66 is positioned' prbaxmate solar panels' 4j[, and pool 
water temperature censor 6ft is positioned in conduit 
means 32 in advance of intake 'v^ve'3I^ while" tempera- 
ture sensor 76' is positioned in spa 21. Bot^i the solar 
temperatunT sensor and the water teiiipeLracu re seniors' 
are preferably provided; as cuxrent-based, solid; sitate; 
linear "temperature sensor-transmitters! (non-tbennistor 
typd). The 'output of such' temperaixtre sensors would 
not normally be a logic sigaal* but all three sensors are 
coupled to converter -mieans to provide a logic. .state 
input to the'Xofiti circuit. T%usiy-'current*to-vo!tage con-- 
verteis are provided so thai the signal frcin the' temper- 
ature sensors will be oonviertcd to a volta^e^based signal 
and can be passed to voltage-based cdmparatars» which 
in cum produce digital, lo^ic outputs* to the logic circuit 20 
of the present invention. • ' > 

AdditionaUy^^all. three -temperature sensors should- be 
provided with calibration iheans; and the calibration ' 
and convener apparatus are schematically-illustrated in - ■' 
FIG. 3 by a single block at 86 for the solar tempcr^re 25 
sensor and at 87 for the pool water temperature' sensor» . 
and at 85 for the spa water temperature sensor; although- 
it wilLbe understood. thar caHbration.and conversion are 
two $Q>araxe (Unctions. It is preferable, although not 
required* that the , controller'' of the present invention 
include the temperature^reading means 88 which can be 
selectively switched by switch 89 so as. to enable read- 
ing at the. controller, of the solar texnpcxarure, tbc spa 
water tempezature or the pool water: temperature. A 
digital display of the remperaturecan-also.be provided. 

Solar tempemnire sensor 66^pfovides a temperature 
reading yKhich is a cpmbiziadon of ambient .and radiant 

tioned in. the sun hght, reads, the availability of radiant: 



In a similar manner solar sensor 66 an^ spa water tem- 
perature sensor 70 are coupled to spa-solar comparator 
101, which will input ANX> gate 139 (FIG. 4) with a 
logic 1 signal through conductor 79 when the solar 
. temperature i5\greater than, the water temperature in the 
spa- 

The recreational pool user will want to input the 
controller as to the desired operating temperatures for 
both' the spa and the swimming .pooL The input means 
of the controller me^s of the present invention, there* 
fore, includes apparatus for setting or inputting the 
controller as to the temperature level of the water in. 
swimming. pool 22 ^nd in spa 21. This can be accom- 
plished by providing the input means, in part* as temper- 
.ature-setdng apparatus 98, 99 and 100^ which are cou- 
pled to comparators 95* 96 and 97* respectively. Com- 
parators 95 and 97. are further mnn^rtfd to common 
conductor 102 from temperature sensor 68 for the pool 
water temperature so as to enable comparison of the 
water temperature in pool 22 with the pr&^et tempexa- 
tures input to the controller through setting apparatus 
98 and 100. 

As shown in FIG. S» the comparator 95 compares the 
water tempciature in the pool with the user's input or 
setting for the desired water temperature to which the 
swimming pool should be hcatrd with solar 
Comparator 97 compares the water temperature in the 
pool to a setting £6r the swimming pool water tempera- 
ture when gas heating is employed and provides a logic 
output to ANT) gate 110 throu^ conductor 90. Oom- 
parator 96 is input by spa temperature setting device 99 
and spa water temperature sensor 70 (by . conductor 
lOS), and comparator 96 provides a logic X output to 
AND gate 136 (FIG. 4) through conductor 78 when the 
spa water is at a temperature bdow the input setting. 

All of the input setting devices 98« 99 and 100 set 
ceilings to which water will be heated. The setting at 

input lOQ will ssonnAlljr. Act M tiu* mixumtjxn 

_ temperature at which, the user wishes to maintain the 

energy. At .night the solar -sensor senses the ambient 40 swimming pooL A typical settins might be 78* F. The 
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input device 98, by contrast*. NvouJd be set at a higher 
level, namdy. a levd at which the user woi^ like to 
have the swimmins pool hesited if such heating can be 
accomplished through the use of the solar-heatine appa- 
ratus. Thus* the setting of input device 98 might be 85* 
F. The spa water temperature wxll normally be set to be 
much higher than that of the. swimming pool water. 
Input devices 99, therefore* might be set at 100* F. 

a. Temperature Switching with Pool Preference 

Assuming for: the purpose of fllustru&on that ^e con- 
troller 15 strapped for **poo3 preference** <strappins for 
pool or spa preference is desc rib ed in detail below^ and 
assuming further that temperature-based switehiag is 
occuringp the operation of the te mper a tu re sensors and 
temperature input can be set forth. If the pool water 
temperature is 70* F*, cocnparaior 97 wiU produce a 
digital logic 1 signal to AND gate 110. and comparator 
95 will produce a digital logic 1 signal at the input to 
If, for example, the solar temperature, is. m excess of the, 6a OR gate 104. The logic 1 signal from comparator 5^ is 
water tem*perature'in.the |>ool, a' logic 1 .or.*'true" signal. ■ also input to inverter 226 (FIG. 5) througjh conductors 
-exists^ and if it is. less* a logic 0 or *YaIse'* exists, at the . 103 and 187. A logic O is presented at time and tempera- 
output .of cpzrtparator 91. The logic signil frora .compar- - . turc switching OR gate 181 (as a result of tne inverter 
ator 91'is cbmmum'cated through conductor 92.TO AKD and strapping between terminals 223 and 22l>, and this 
gate^.CFIG. 4) to indicate at the AKO gate that aolar 65 logic O signal appears at OR gate 157 and conductor 
heat is or is not. available for heating the' pool water 137, which in turn inputs a log^ O ^ndicattn g ''peol 
being.8en8ed by seosor 68. .lliusV.cbndUQtb^ 92 is labeled . mode*!) to inverter 140 (FIG. 4). The output of inverter 
the "Pool SdJar Heat Available!* lin& ' ' ... 1^ is therefore a logic 1, \A^iicli» together with the logic 



temperarure to provicle a freeze^proteet iUncjicn> 
more fully set forth hereinafter. 

The provision x>f both .pod temperature sensor 68 and 
spa temperature sexisar..?0 .is used to. prevent endless • 
temperature cycling or switc^uiig,*:^ valve 31» which 4S 
could occur if a signal, sensor were provided in conduit 

29. ;. ... . ^ . .■ . ;. . .' \ . ■ . 

In'ofder for-solar enjoigy to be' used to heat the pool 
water, there must be.solar. heat available, as compared 
to the pool water lemperazurc and it .is not realistic to so 
simply a&sume that solar heat will be .available during 
certain ' Hyr*^ of the day. doiid cover and' tiv<* tnay 
interfere or solar heat may be available longer on some 
days than might be assumed for an "averse** day.. Ac- 
cordingly, the controll^., of. the present' .invention in- 
cludes a poolrsolar comparcutor 91 electrically coupled 
to the output of solar temperature sensor 66 and pool 
• water temperanire. sensor .68 apd formed to produce a 
digital' qutput .agnal to the logic circtilt at conductor 92. 
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A logic 2 will only be present in conductor 131 only if 
the pool system is in the spa mod£» which the system 
can be manually forced into by input throiish pool/spa 
select switch 138^ In the preseat ezampte^ however, the 
system is in pool mode, and a logic 0 will be present in 
conductor 131. ^ 
A second input to OR. gate 130 oomes from AND 
gate 127. which in tum receives an input through, con- 
ductor 135 from the tempeiatnre-tifne switduitg OR 
gate 181. rSince. it. has been ftftsiintrd that temperature 
switching is occitfing, inverter 236 will cause a logic O 
to be present at OR gate 181, indicating pool tnndr^ and 
that logic 0 signal will be input to AND gate 127 and 
accordingly OR. gate 130.* The other input to AND gate 
127 will be docribed when coxtsoderiog operation of the 
system in spa mode. - - 

The final input to OR gate 130 comes f^om AND gate 
120. AND gate 120 is input ftom &^ enable input 
switch 132 and conductor ISO, which is coupled to 
Timing Portion 82 of the circuit. Accordingly* if the 
t-iTTiTTig portion of the circuit is programmed for opera- 
tion of the filter pump and the system is manually input - 
by the gas enable switch 132, a lo^C; 1 will be present 
from AND gate 120 and input to OR gate 130 and AND 
gate 107 to drive gas heater actuating circuit or driver 
134 and tum on' the gas heater. 

BoOi gas heating and solar heating of the pool water 
will take place; however* in order to' oonserve enerQf » 
gas heating requires t"*»**^*»* input through- pool gas 



.1 output from ccicnpiafator results in a logic I input to 
OR gate 106. . ' 

Since both gates 104 and 106 are OR gates, the logic 
1 states will be present at the inputs to the next gates in' 
the logic circuit, namely, AND'gates 94 and 107. Before 5 
AND gate 94 will input OR gate 108 with a logic 1, a 
lo^c I signal must also be input from Olt. gate 148. OR 
gate 148 receives logic signals frbm both the pool^solar 
comparator 91 end 8pia-«olar comparator iOl. Both of 
these inputs-have AND gates (nameily^ AND.gates 139 10 
and 93) interposed between the comparators and OR 
gate 148; Both of these ANlD ' gates are also input 
through conductor 137 by logpo signals iadicadng 
whether the system is in the ^'pool mode** or "spa - 
mode** of heating. " ^5 

In the example, the system is strapped for pool prefer- . 
CDce and is in the pool heazang mode. Accordingly, a ' 
logic 0 win be present in conductor 137 (as' aboye cx* 
plained): This logic 0 will be input to AND gate 139, 
which wiU ther^ore input OR gate 148 through con- 20 
duetor 115 with a logic O. Inverter 145, however, will 
invert the logic Din conductor 137 and input a logic 1 to ' 
AND gate 93, thus inputing OR gate 148 with ft logic 1 . 
and thereafter AND gate 9*: ' ' ' 

A log^c.i at both inputs to AND gate 94 i nHi c at f ^ that zs 
there is solar heat demamd' fSrom either the spa or pool 
Qa t^ case the ^»ooI) and that these is solar heat avail- , 
ability. A logic l sigzial is therefore input to OR gate 108 

and then AND gate 109. The other input to AND gate . * ^._„„„. ^ „ . ^ 

109 corned from a p6^^. of . die logic ^^^^''^^J^'^ ^ ^Ssh^aT Without suSf^put wS^'heat. 

ing will occur when sdar heatUig ss avnilahtr. In tact; m 
the logic circuit lllustraied* gaa heating of the pool wiU 
not occur even if there is a'gas beat demand and no solar 
heat available for a system strapped for pool preference 
unless gas yf*^^ enable switch 132 is input to permit gas 
heating. Leaving the gas enable switch In as "on** jxasi* 
txon will result in automatic gas hmring of the pool to 
the temperature set for the pool with gas beating, even 
at night, unless the filter pump is not tuQgrHiWTned to 
operate, which it normany wiU be at nifiiis, as win be sex 
forth bdow- 

Accordingly, the system is eonstructed to penmt gas 
heating in the pool mode^ but to fjavor solar heating and 
further to require a conscience override to achieve- gas. 
heating in the pool mode. Moreover* if solar heatiag is 
available, gas heating win be augmented by solar heat* 

ing. • " . 

Recumiixg to the numerical example, as uie pool 
water temperature rises to 78* P., the preset pool with 
gas heating level, the gas heat demand «gaal wiU be- 
come a logic O, and the gas heater, if enabUsd, wiUshut 
down for iailur^ to recove a logic I input ftom OR gate 
106. Comparator 95, however, wilf still indicate that 
there is a pool solar heat demand and produce a logic 1 
^^tnie** signal, '^ t*^ the preset pool temperature with 
solar* heating was 85T P- . . . 

Solar heater 41 will continue to heat the pool water 
until the pool water temperature rises to 83* P- When 
the pool water temperature reaches 83*. V,^ however, 
com^Tutor 91 will no longer produce a -true** sdar- 
heat-avtflable Qg&al, and solar heating will tentunate. If 
the solar conditions ^<tftgg and more solar eiiergy is 
available, the sdar heater will , again be actuated and 
continue to heat the pod water until the preset water 
temperature of 85* F. is reached. Once this upper tem- 
perature is reached, heating of tfie pool will cease even- 
though solar heat is available. 
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\ retura of w^ter from' the solar panels so that the 
pomp will not continue to pump watier into a leaking 
solar paneL This win be more fully explained below^ but 
coxidoctor 170 is also input from AND gate 108 and will 
normally produce a logic 1 at the second input 112 to 
ANDgiatel09. 

The logic 1 output from AND gate 109 vi input to OR 
gate 124 and then to OR gate* 125 in advance of the fiHer 
pump drive 126, and the filter pump is actuated. The 
lo^ 1 sig^ firom ANp'gate 109 is also inprut to AND 40 
gate 119, which is also input with a kkgie 1 from conduc- 
tor tM &om the solair return sensor and start up circuit 
for all conditions except a leaking solar panel. Thus, the 
output froxa Al^jlD g^te 119 to solar valve drive 121 
cansG the solar valve 39 to be switched for the flow of 45 
pool' water to the solar panela. 

The presence of solar beat drr*^*^^ fior tte poot or spa 
plus ■a^iftf heat 'availability will turn on pimip 28 and 
. switch solar valve. 39 for the flow of water to solar 

A^uming further that the Solar temperature sensed 
by. solar sensor 66 is 83* F,, water will be withdrawn 
from pool 22 ^explained below) and the water tempera- . 
ture (75* F.) will be sensed and found to be below both 
the pool with gas heatjing j^assumed to be set at 78* F.) SS 
and the pool with solar heating (assumed to be 85* F.>. . 
Moreover, the 75* P, water temperature will be bdow 
the 83* P. »>lar heat availabflrty temperature. Accord- . 
izi^y, solar heating will occur, as above explained. Ad- 
dirioaally, however, gas heating of the pool water may 60 
also be csJdng place. . * " 

jgtwc^ comparator 97 is indicating that the pool tem- 
perature is beJow that of the pod temperature .set for 
gas heating by input lOOl and since Uie system is in pool 
mode, a logic 1 signal is input to AND gate 107. The.^S 
other input to AND gate 107 can. come from several 
sources- First, OR gate 130 must be input with a logic 1- 
This vdll occur if a logic 1 is present m conductor 131. 
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Once pool water in pool 22 is heated to 85* F-, the 
logic 0 flignal from comparator 95 will be communi- 
cated to inverter 226 through conductors 103 and 187 
and inverted to a logic 1 signal isdieating that the sys- 
tem is now in spa mode. The logic 1 sisna] from inverter 
.226 is input through OR gates 181 and 157 and back 
thipush conductor 137 to the Temperature Logic Por- 
tion of the circuit, and more particularly AND gates 
139 and 136 (as well as inverters 140 and 145. which 
now invert io logjc O signals). 

If the solar heat availability tcmpetaiure has risen to 
95** F. and the spa water temperature is currently 90* F., 
comparator 101 will also input AND gate 139 with a 
logic I. The result is a logic ) input to OR gate 148 and 
AND gate 94 indicating spa solar heat availability. 
Since the preset spa temperature is 100" F„ comparator 
96 indicates that there is a spa .heat demand, in that the 
spa water temperature is only 90* F. A logic I signal is 
present at AND gate 136 frodi' comparator 96 and from 
conductor 137 (spa mode) and such signal is accord- 
ingly input to OR gates 104 and 106. The input to OR 
gate l64 is present at AXD gate.94 m di c arin g both spa 
solar heat demand and spa ^ar heat availability. The 

spa is, therefore, solar heated until the temperature rises _ . ^ ^ - 

to 95* F. Switching of the valves 31 and 47 for flow of 25 water in the spa,^ above d esc ribe d under the tempera 
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circuitry that a manual override is necessary to cause 
gas heating of the pool water in the spa when solar heat 
is available. 

Once the spa is heated to 100* F-, all gas and solar 
heating is shut down, since there is no more heat de- 
mand for either the pool, now at 85* F„ or the spa, now 
at 100* F. 

b. Temperature Switching with Spa Preference. 

In the previous cacample the systicm was strapped 
between terminals 221 and 223 for temperature switch- 
ing with pool preference. In some instances users may. 
wish to heat spa 21 in preference to pool 22. This may 
be accomplished by strapping between terminals 221 
and which causes the temperature-^time switching 
OR gate 131 to receive input from conductor 224 in- 
stead- of conductor 187. - 

The spa preference temperature switching results 
from the output of comparator 96. If there, ts spa heat 
demand, a logic 1 is from oompatator 96 

through conductors 78 and 236 to AND gate 237. The 
logic 1 signal from AND gate 237 '"spa mode^ and is 
returned to the Tempieraturc Portion of the logic circuit 
through conductors 135 and 137 to solar heat pool 



water to and from the spa in response to the spa mode 
signal will be described below. 

Once the pool water in spa 21 reaches 95* F., how- 
ever, further circulation of the pool water iiito the solar 
panels would only cool the podwaie^ Comparator 101 30 
win produce a los^c O signal indicating there is no. more 
solar heat available to heat pod water in spa 21. This in 
turn will tnpui AND :gate 139, OR gate 148 and- AND 
gate 94, thus shutting down solar heating. 

As set forth above, the log^c -l signal from compara- 35 
tor 96 indicating spa heat demand is input to logic OR 
gate 106, as well as OR gate 104. When the pool water 
in the spa rises to 95* F* solar heatmg shuts down, but 
spa heat demand continues because the preset spa tern 



ture switching, pool prefereaoe seccioii. 

When the pool water in the spa ts heated to the preset 
temperanire ^lOO'- F.) a logic O from compsoatOET 96 is 
input to AND gate 237 aafid OR gate 181. switchizkg the 
system to pool mode The logic O at OR gate 181 is 
inverted at inverters 140 and 14S to activate AND g^cs 
93 and 110, which control pool heatin g. Pool h eati ng 
then occurs as described under the temperature switch- 
ing with pool preference section. . 
. Thus, a spa preference strapping will cause heating of 
the spa first and then the pool, while pool preference 
strapping causes heating of the pool first and then the 
spa. In «ther pool or spa preference gas heating will not 
occur unless &ere is a m^T""^ override* or the system is 
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exception for spa heating by gas when no solar b avail- 
able is believed to be an acceptable enogy use smcc the 

size or me spa and llus «JUUU*4*. wf luratLa a x«j«lx^c^ win 

be relatively smalL - • 

. ' c Time4>ased Mode Switching. 
The logic circuit of the present invention is capable of 
time-based as well as the above-described temperature- 
based mode switching. In time-based op emjion 



the 



is present at AND gaie;I07, The other input to AND 
sate 107 from OR gate 130 can also be a logic 1. If the 
manual pool/spa switch is depressed, ft logic 1 wiU be 
present at OR gate 130 from conductor 131. 

Even if there is no manual input, the presence of a 45 
logic 1 signal at the, tem pera tur^time switching OR 
gate 181 (FIG- 4) results iii a. logic 1 input (through 
conductor 13S) to AND gate 127. The other input to 

AND gft»^ 127 is firom OR gate 200, which is input from r~'^l — <■ _ i.^ 

^J^o sox^cc F5«t. OR ga« »0 is inpo. from 50 beadng in ^^'^^^^^^^^^^'^^'^^^ 
inverter 1« from OR. gate 148. Since the output ©f OR by progranun^le timer J78 0=10- S), as wcu as oy uw 
esie 148 indicates whether or: hot there is spa or pool temperature of the pool water. 

^ l^t a^^^S^ in the e«aiple^ faVo For the purpose of m««tiaXiOtt wsume ^t^,^^^ 
^ Wa^SSthelogicOattheoatputofORsate isstr^ped tor P~l^^«*^;^iSS to 

The logic 1 from timer 178 through OR gate 181 is 
communicated to activate AND gates 139 and 136 



to force gas heating of the spa. even though solar heat* 
iag IS avaiiaoie. i nus,- wncn soiar ii«Uue^£ '•^»'=- 



available, the mput to inverter 1^ from OR gate 148 



wm be7losie 1, which is inverted to a logic 0. Switch^ Sf^^X^uc^^rs^^ 

swit^ 152 to an "on" position, however, will mput 65 through conductor l» and w.u^ 



ing swit^ 152 to an "on" position, 
OR gate 200, AND gate 127, OR gate 130 and AND 
gate 107 with a logic 1, musing gas heating ra addition 
to solar heating. Again it is a feature of the present logic 



no sblar beat available and a logic 0 ouqMit from OR 
gate 148 to inverter 149 wfll acdvaic the gas beater if 
Nereis spa heat demand- When the spa reaches 100 F., 
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